Beef cattle production in the southeastern U.S. relies heavily on the use of forages which require supplementation of a source of non-protein nitrogen, such as urea. Nitrate has the potential to replace urea while reducing enteric CH4 production of beef cattle. Bismuth subsalicylate may inhibit negative effects of high-S forages, such as the negative effects of S on trace mineral absorption. 
Introduction
There is a growing desire to reduce the environmental impacts of beef production. One methodology that has been rigorously evaluated and reported is the addition of nitrate to the diets of cattle in place of traditional urea (van Zijderveld et al., 2011; Newbold et al., 2014; Hegarty et al., 2016) . Most data indicate that nitrate can reduce enteric CH4 production by 10 to 30% (Lee and Beauchemin, 2014; Guyader et al., 2015) . Enteric CH4 production can account for 2 to 12% of GE losses, depending upon diet type, and it has been theorized that nitrate may increase ME supply by reducing the amount of C lost as CH4; however, most research has focused on the performance of cattle consuming moderate- (Lee et al., 2017b) to high-concentrate (Newbold et al., 2014) diets.
Little is known about the effects of BSS on ruminant animals. For decades, BSS has been heralded as a mediator of H2S in humans, lessening pain in the gastro-intestinal tract (Suarez et al., 1998; Levitt et al., 2002; Mitsui et al., 2003) . In vitro ruminal fermentation has been used to evaluate the possible influence of BSS on in vivo parameters, but in vivo data is needed to truly evaluate to potential impacts on production and performance of cattle (Ruiz-Moreno et al., 2015) . Bismuth compounds may have a place in beef production by mitigating the negative effects of S on trace mineral absorption. By binding to S (Suarez et al., 1998) , BSS may reduce thiol-compounds which inhibit trace mineral absorption.
The current experiment was designed to test the hypothesis that eCAN would not impact performance of growing heifers consuming a bahiagrass hay and molasses diet. The second hypothesis was that BSS would not alter performance of growing heifers; however, liver trace mineral content should be increased.
The objective of this experiment was to evaluate the performance and liver mineral concentration of heifers provided eCAN and/or BSS.
Materials and Methods
Seventy-five growing Bos taurus and Bos indicus heifers (615 ± 126 lb of initial BW) were used in an incomplete randomized complete block design with a 2 × 2 + 1 factorial arrangement of treatments at the University of Florida -North Florida Research and Education Center Beef Unit in Marianna, FL. The experiment consisted of a 28 d adaptation period followed by a 56 d data collection period in which heifers were weighed every 14 d from d 0 to d 56. On d -28 and -27, all heifers were weighed and the average weight of each heifer on those 2 d was considered initial BW. Similarly, the average BW of each heifer on d 55 and 56 was considered final BW. On d -27, heifers were stratified and blocked by weight and allotted to 25 dormant bahiagrass (Paspalum notatum) pastures. Pastures (3.3 ac each) were located in 3 different areas of the Beef Unit and were within 0.32 miles of each other. The three locations were termed North Circle (n = 13), South Circle (n = 6), and R-Pens (n = 6). Pastures were stratified by location and randomly assigned to 1 of 5 treatments: 1) NCTRL, no added NPN or BSS; 2) U, urea supplemented at 0.003 oz per lb of BW; 3) NIT, nitrate, in the form of eCAN, supplemented at 0.0056 oz per lb of BW; 4) UB, urea supplemented at 0.003 oz per lb of BW and BSS supplemented at 0.0009 oz per lb of BW; and 5) NITB, nitrate, in the form of eCAN, supplemented at 0.0056 oz per lb of BW and BSS supplemented at 0.0009 oz per lb of BW. Treatments U, NIT, UB, and NITB were isonitrogenous.
Heifers had ad libitum access to bahiagrass hay and received 3 lb/d (as is) of sugar cane molasses (Table  1) . This experiment began on February 15, 2017 and prior to initiation, pastures were mob grazed to remove any residual forage; therefore, bahiagrass hay was the only forage available to the heifers. Molasses was weighed and provided daily, and was used as the carrier of treatments. Heifers BW was recorded every 14 d starting on d 0. To calculate ADG, difference in BW was divided by the number of d between BW recordings. Liver samples were taken on d -28 and -27, and again on d 55 and 56. A random subset of heifers (2 heifers/pen) was selected to collect liver tissue. One heifer per pen was randomly selected to have liver sample taken on d -28 and 55, and the second heifer donating liver tissue was collected on d -27 and 56. On d -28, -27, 55, and 56, carcass measurements were taken using ultrasonography. Ultrasonography measurements were made between the 12 th and 13 th intercostal space. Images were used to assess LM area and back fat thickness.
Data were analyzed as a randomized complete block design with a 2 × 2 + 1 factorial arrangement of treatments using pasture as the experimental unit. The model included the fixed effect of treatment and the random effects of block and location (North Circle, South Circle, and R-Pens). Initial liver mineral concentration and ultrasound measurements were used as covariates for final liver mineral concentration and ultrasound measurements, respectively. The following contrasts were used to aid in the interpretation of data: the effect of NPN = NCTRL vs. the mean of U, NIT, UB, and NITB; the effect of NPN source = the mean of U and UB vs. the mean of NIT and NITB; the effect of BSS = the mean of U and NIT vs. the mean of UB and NITB; and eCAN × BSS = the mean of U and NITB vs. the mean of NIT and UB. Significance was declared at P≤0.05.
Results
Growth performance data can be found in Table 2 . At the beginning of the experiment, all treatments had similar BW (P>0.05). By the end of the experiment, BW was not affected by NPN (P = 0.47), source of NPN (P = 0.38), or BSS (P = 0.60); however, there was an interaction (P = 0.05) between BSS inclusion and source of NPN. There was no effect of NPN, eCAN, BSS or an interaction for ADG measured within any time points (P>0.05).
Carcass ultrasound results are presented in Table 3 . There was no effect of NPN, source of NPN, or BSS on ribeye area (P>0.05). A BSS × NPN source interaction (P<0.01) was observed for back fat thickness on d 56 and change in fat thickness from d -28 to d 56.
The concentration of trace minerals in the liver from cattle in the current experiment can be found in Table 4 . Concentration of minerals in the liver were not affected by eCAN (P>0.05). There were no interactions between BSS and source of NPN (P>0.05) affecting liver mineral concentration. The addition of NPN increased liver concentrations of Fe (P = 0.01) and Mn (P = 0.01) by 37 and 15%, respectively. Liver mineral concentrations of Cu were reduced (P<0.01) by 70% when BSS was provided to heifers consuming bahiagrass hay and molasses. The inclusion of BSS in the diets of heifers was also associated with a 30% increase (P = 0.02) in liver concentration of Fe.
In conclusion, the inclusion of eCAN did not improve nor worsen performance of growing heifers unless it was provided in combination with BSS. Alone, BSS did not decrease performance of heifers consuming bahiagrass hay and molasses. The diet in the current experiment contained approximately 0.5% S (DM) which may not have been great enough to truly observe the potential benefits of BSS on performance. Regardless of performance, heifers consuming BSS exhibited reductions in liver Cu and liver Fe accumulation, which may have detrimental effects in the long term. More research is required to determine the effects of BSS on cattle consuming diets of differing composition and S content. 
